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Biochemical studiesAbstract This study focuses on reproductive biology in female Dentex dentex, which is a summer
multiple spawner with the spawning period extending from late April to June. Females with body
length over 35 cm were mature. The GSI value had peak values during May and June. The ova
diameter ranged over nine groups (50–700 lm). The relative fecundity ranged from 510 to 1276 eggs
per g gutted weight and from 20,409 to 22,595 eggs per 1 cm total length. The histological appear-
ance of the ovarian cycle was divided into five periods. The histological structure of the maturing
and ripe oocyte wall shows the presence of five different layers. Baseline of testosterone and
estradiol levels was found during the immature and spent, whereas the peak value was found in
prespawning and ripe-spawning period. While the maximum total lipid content was in the maturing
ovary, the minimum was in muscles of prespawning female. The main polyunsaturated fatty acids
n-3 (PUFA) for ovary, liver and muscles were docosahexaenoic (DHA, 22:6 n-3) and eicosapen-
taenoic (EPA, 20:5 n-3) acids, whereas n-6 (PUFA) were linoleic (18:2 n-6) and arachidonic (20:4
n-6). All together, the present observations gave basic data of the reproductive cycle of female
D. dentex required for its successful spawning.
 2016 National Institute of Oceanography and Fisheries. Hosting by Elsevier B.V. This is an open access
article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).Introduction
The common dentex, Dentex dentex (Linnaeus 1758) is a
bentho-pelagic sparid fish inhabiting hard sea beds in shallow
water of less than 50 m depth. Common dentex is a high-valued fish in the Mediterranean and tropical areas (Pavlidis
et al., 2000), and has been suggested as new candidate aquacul-
ture species, since it showed a high growth rate (Loir et al.,
2001) specially, when applying the current production technol-
ogy to culture common dentex (Efthimiou et al., 1994). Com-
mon dentex is a gonachoristic species (D’ncona, 1949; Loir
et al., 2001), protandric hermaphrodite (Glamuzina et al.,
1989), with sex reversal unlikely to be obligatory (Morales-
Nin and Moranta, 1997; Loir et al., 2001).
150 R.F. Ismail et al.Under farming aspects, the D. dentex showed high growth
rates and fecundity make this species highly suitable to enter
the mariculture system and supporting the intensive sparid
production (Pavlidis et al., 2000).
Studying the reproduction is essential for a successful aqua-
culture and provides the basis of its propagation in captivity.
The reproduction and sexuality of the common dentex has
been documented (Pavlidis et al., 2000, and Loir et al.,
2001). In Crete; common dentex, sexual differentiation is
recorded at age between 5 and 12 months and the spawning
season is found to be from end of March to end of May
(Loir et al., 2001).
Oogenesis has been studied in many teleost fish and illus-
trated by several authors. This includes the work on D. dentex
(Loir et al., 2001), Agyromous regius (Abou Shabana et al.,
2012) and Red Lion fish Pterois volitans (Priyadharsini et al.,
2013). Ultrastructure studies have been carried out on many
teleost fish by a number of authors, e.g. Caranx crysos
(Assem, 2000), Pagellus erythrinus (Assem, 2003) and
Merluccius merluccius (Al-Absawey, 2010). Also the seasonal
variations in steroids have been reported (Pavlidis et al.,
2000), seasonal fluctuations in serum 17b-oestradiol,
testosterone, 11-ketotestosterone, vitellogenin and thyroid
hormones were reported through the annual reproductive cycle
of D. dentex (Pavlidis et al., 2000).
The (n-3) highly unsaturated fatty acid requirements of
D. dentex larvae and its antioxidant status were investigated
during artemia feeding stage (Mourente et al., 2000). Advances
have been made in understanding the key role of polyunsatu-
rated fatty acids nutrition for marine fish larvae and brood-
stock. The total lipid and fatty acid content of broodstock
ovaries were reported for many species, as for Mugil cephalus
ovaries, in which difference in concentrations was detected
during the reproductive cycle (Assem et al., 2008).
Dietary lipids are crucial energy sources and essential fatty
acids for fish (NRC, 1993). The n-3 HUFA such as EPA and
DHA are demanded by most marine fish for normal growth
and development (Izquierdo et al., 1989). Therefore, it is
critical to develop feed formulas with appropriate classes and
levels of EFA to fulfil the fish nutritional requirements (Kim
et al., 2002; Sargent et al., 1997).
The aim of the present work is to study the reproductive
biology of female D. dentex in order to give a clear image
about the spawning season, length at the first sexual maturity
and to identify ovaries maturation using histological and fine
structure analysis with respect to steroid hormones, lipid and
fatty acids throughout one year period.
Materials and methods
Biological studies
91 female D. dentex were sampled from Alexandria Mediter-
ranean waters over one year from November 2012 to October
2013. These ranged in total length and total weight from 17 cm
to 60 cm and from 80 g to 2600 g, respectively. For each
individual, the total length (mm) and the total weight (g) were
recorded. Gonadosomatic index (GSI) was computed as a
percentage weight of ovary to the gutted weight  100.
Morphological characteristics and duration of maturity stages
were recorded.Reproductive biology
The paired ovarian loops were weighted (0.1 g), for the ripe
and spawning stages; ovaries were fixed in 4% neutral forma-
lin. For the estimation of fecundity, the ovaries of mature
females (19 fish) were weighed; three sub-samples were taken
from each ovary and weighted. Then the total number of eggs
in each ovary sub sample was proportionally estimated using
the equation, Fa = (gonad weight  number of eggs in the
sub-sample)/sub-sample weight (Yeldan and Avsar, 2000).
Later, absolute fecundity for each female fish was calculated
as the mean number of three sub-sample fecundities. Relative
fecundity was calculated in relation to gutted weight or total
length groups to get number of eggs per gram body weight
and per cm of the body length. The egg diameters were split
over nine diameter groups in every 0.1 mm: the first four
groups were small (60.3 mm) and transparent in shape, while
the remaining ovae groups were yolky and ranging in diameter
between (0.4 and 0.7 mm).
Histological examination
The fixed ovaries were washed in ethyl alcohol (70%) for two
days prior to dehydration, then cleared followed by paraffin
wax embedding. Ovarian Sections of 4–8 lm were cut and
stained with Eirlich hematoxylin and eosin.
Fine structure studies
Small ovarian specimens were fixed overnight in 4% buffered
glutaradialdehyde (at 4 C), then in 1% osmium tetroxide.
Samples were rinsed two times in cacodylate buffer, ethanol
dehydrated, cleared in propylene oxide and embedded in epoxy
resin. Glass and diamond knives were used to prepare ultra-
thin sections of one lm thickness and stained with uranyl acet-
ate and lead citrate. Lastly, sections were examined using a
transmission electron microscope.
Biochemical studies
Lipid was extracted from the sample by chloroform–
methanol-water (2:2:1.8) according to Bligh and Dyer (1959).
Fractions of lipid were methylated to obtain fatty acids methyl
esters according to Gallagher et al. (1984). The methyl esters
were analysed by using the Shimadzu gas chromatography
4CM equipped with flame ionization detector.
Hormonal assay
Serum was kept at 20 C until used. Testosterone and
estradiol hormones were estimated using HPLC (Wang and
Stapleton, 2010). Mean values were calculated (n= 5 mean
± SEM).
Statistical analysis
The arithmetic means and standard deviation for numerical
data were used to compare more than two groups, ANOVA
test followed by LSD method were applied to calculate the
significance between groups at <0.05.
Table 1 Morphological characteristics and duration of matu-
rity stages for ovary of Dentex dentex.
Maturity
stage
Morphological features
Immature Cylindrical in shape, thin, occupying about one
third of the total body cavity can be detected
throughout the year
Maturing Ovary increases in size, color is pinkish, can be
detected throughout the year
Nearly ripe Ovaries are yellowish in color, eggs can be
recognized by the naked eye and the blood vessels
clearly seen within the ovary, detected in March and
April
Ripe and
running
Ovaries reach the maximum size, with orange
yellow color, detected from April to late June
Spent Ovaries size is reduced, reddish yellow in color,
surrounded by large number of blood vessels,
detected in July and August
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Figure 1 Monthly distribution of maturity stages in female
Dentex dentex throughout the period from November 2012 to
October 2013.
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Biological studies
According to morphological characteristics D. dentex ovarian
maturity stages were divided into 5 different maturity stages as
shown in Table 1.
Monthly distributions of maturity stages in female D. dentex
Fig. 1 shows the monthly maturity stages in female D. dentex
throughout the period of study. The immature and mature
stages were recorded for the whole year of investigation: it fluc-
tuated from one month to another reaching a maximum per-
centage of 62% in September for immature and of 69% in
February for mature. The nearly ripe stage were recorded in
March (14%) and April (62%). The period of ripening and
spawning started in April (3%) and a peak value was obtained
in May (79%), then reached 63% in June, while the spent stage
appeared in July and August.
Length at first sexual maturity in female D. dentex
Results revealed that all the D. dentex female smaller than
20 cm in length were immature (Fig. 2). The mature females
represented small percentage (34%) at a length of 21 cm. This
percentage increased to 96% at samples of total length of
30 cm. All females larger than 35 cm in total length were
mature.
Gonadosomatic index
The average GSI fluctuated from a minimum value in August
and September and then increased gradually from October to
February, to reach its maximum value in ripe and spawning
stage (April, May and June). Rapid decrease in GSI value
was recorded in spent stage (July) as shown in Fig. 3.
Egg diameter and spawning of female D. dentex
In April (Fig. 4a), the average GSI value was 2.84, the ovary
had small ova whose count was about 41% of the total number
of eggs in the ovary samples. At May and June (Fig. 4b and c)
the GSI value varied between 4.44 and 3.84, the ovaries of35 40 50 60
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Figure 3 Changes in the gonadosomatic index (GSI%) values of
female Dentex dentex throughout the period from November 2012
to October 2013 (Mean ± SD).
152 R.F. Ismail et al.these fish had average transparent ova whose count was about
23% of the total number of eggs in the ovary. At July, the
average GSI value was 1.67%, the ovary had a large percent-
age of small ovae (70%) as shown in Fig. 4d. The frequency
distribution of ova diameters for D. dentex through four
months from April to July indicates that the fish discharge
its ripe ova in batches during spawning period and the with-
drawal of the eggs from the egg stock to undergo the continu-
ous maturation process successively. Moreover, the presence
of more than two modes of sizes of ova indicates the fractional
spawning characteristics.
Fecundity
Both absolute and relative fecundities were categorized into 5
different length groups, the analysis of fecundity-length rela-
tionship shows that the absolute fecundity (Fa) varied between
0.87  106 and 1.35  106 at length groups (TL) rangingFigure 4 Frequency distribution profile of egg diameter fobetween 40 cm and 63 cm (Table 2a). The regression equation
can be expressed as
Fa ¼ 765; 966þ 107; 656TL; r ¼ 0:932 ð1Þ
The relative fecundity (Fr) varied between 0.21  105 and
0.22  105 at the same length groups, and its equation can
be expressed as follows
Fr ¼ 21; 958 56:2TL; r ¼ 0:0115 ð2Þ
While when fish mature females considered as 5 weigh
groups, the analysis of fecundity weight relationship reveals
that the absolute fecundity (Fa) varied between 0.89  106
and 1.11  106 at gutted weight (GW) ranging between 700
± 20 g and 2600 ± 18 g as shown in Table 2. The regression
equation is:
Fa ¼ 86; 321þ 75; 246GW; r ¼ 0:4554 ð3Þ
The relative fecundity (Fr) varied between 0.127  104 and
0.51  103 at the same gutted weight groups. The equation can
be expressed as follows:
Fr ¼ 1240:8 167:2GW; r ¼ 0:75 ð4ÞHistological and fine structure characteristics of D. dentex
ovaries
The course of development of the egg is divided into five
periods:
(1) Immaturation period: During this period, the oogonia or
pre-synaptic were spherical cells with very small size,
each with thin indistinct peripheral cytoplasm and large
pale nucleus, which ranged in diameter between 11 andr Dentex dentex throughout April, May, June and July.
Table 2 The mean values of absolute and relative fecundity in ripe females Dentex dentex related to each total length (TL) cm groups
(a) and gutted weight (GW) g groups (b).
(a) Fecundity length relationship (b) Fecundity weight relationship
Length group No. of fish Fecundity Weight group No. of fish Fecundity
Absolute Relative/TL Absolute Relative/GW
40–44 3 879,756 21993.9 700 ± 20 4 895,394 1256.8
45–49 4 997,877 22,175 1400 ± 30 3 1,078,799 697.9
50–54 5 1,088,799 21775.9 1560 ± 35 5 1,032,457 663.7
55–59 5 1,122,530 20409.6 2200 ± 28 4 1,365,709 521.4
60–63 2 1,355,710 22595.1 2600 ± 18 3 1,116,530 510.2
Figure 5 (a) Photo-micrograph of a cross section (CS) in immature ovary showing (a) pre-synaptic cells (H&E)  1000 and (b) photo-
electron-micrograph, showing nucleus (N), nucleolus (n) chromatin material (cm), mitochondria (m), plasma membrane (pm),endoplasmic
reticulum (ER) and Golgi bodies (GB)  15000.
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presynaptic oocyte showed a dense chromatin material
nucleus, with a numerous endoplasmic reticulum, mito-
chondria and Golgi bodies in the cytoplasm (Fig. 5b).
(2) Maturation period: The primary oocyte in this period is
surrounded by isolated follicular epithelial cells forming
follicular layer (Fig. 6a). The oocytes ranged from 72 to
115 lm in diameter. At this stage cytoplasm is stained
faintly and is showing a bright corpuscle (yolk nucleus).
For electron microscopy examination, yolky nucleus in
the cytoplasm and the follicular epithelial layer between
the primary oocyte are clear (Fig. 6b). The wall of the
secondary oocyte was characterized by the presence of
elongated or oval nucleus of interstitial cells (Fig. 6c).
(3) Vacuolization period: The oocytes of this period are
showing a few number of cytoplasmic vacuoles (Fig. 7a).
The oocyte diameter was 142–230 lm with varying
nucleus in diameter between 80 and 105 lm. The vac-
uoles diameter was between 8 and 18 lm. For oocyte
wall, the zona radiata was about 4 lm thickness covered
by outer follicular epithelial layer of about 5 lm thick.
For electron microscopy imaging of the vacuolizedoocyte, the wall appeared as five different layers, in
which the outermost layer is the theca, the second layer
is the follicular epithelial layer. Basement membrane
separates the outer theca layer and follicular epithelial
layer. The third and fourth layers represent zona radiate
externa and interna respectively, finally innermost and
fifth layer is the cortical alveoli, (Fig. 7b).
(4) Ripening and spawning periods: The appearance of yolk
granules is the main feature of the oocytes of the pri-
mary and secondary yolk stages. The oocyte diameter
ranged between 390 and 590 lm. The wall of the oocyte
consists of zona radiata of about 11 ± 1 lm in thickness
surrounded by the follicular epithelial layer of about
6 lm thickness (Fig. 8a–c).The ultrastructure of the yolk
stage cell wall showed an outer theca layer with special
theca cells followed by the basement membrane, follicu-
lar epithelial layer, zona radiate (zona radiate externa
and zona radiate interna) and the innermost cortical
alveoli layer (Fig. 9a). In the ripening period; the oocyte
increased in its diameter to reach 770 lm, while the
nucleus decreased in size to 93 lm in diameter, also
the ripening period is featured by the nucleus migration
Figure 6 (a) Photo-micrograph in (CS) of mature ovary showing primary oocyte (a), more advanced primary oocyte (b) (H&E)  100,
(b) showing isolated follicular epithelium (FE), nucleus (N) and nucleolus (n)  400 and (c) photo-electron-micrograph of (CS) in
maturing ovary showing follicular epithelial (FE), follicular epithelial cells (FEc), nucleus (N), nucleolus (n) embedded between the
cytoplasmic growth cells (Cy)  4000.
Figure 7 (a) Photomicron-graph in (CS) of vacuolized ovary showing, vacuoles (v), nucleus (N), nucleolus (n) wall of the oocyte
consisted of outer follicular epithelium (FE) and inner zona radiate (ZR). (H&E)  250 and (b) photo-electron-micrograph of (CS) in
vacuolized oocyte showing, the five layers of the oocyte wall, the outermost layer is the theca layer (th.L), then the basement membrane
(Bm) the second layer is follicular epithelium (FE), the third and fourth layers are Zona radiata externa (ZRE) and zona radiata interna
(ZRI) and the fifth layer is cortical alveoli (CA)  2500.
154 R.F. Ismail et al.toward the animal pole (Fig. 9b). At the onset of
spawning period, the ovary displayed various peculiari-
ties; the ovary contains ripe ova, cells with different
stages, atretic oocyte and numerous empty follicles.
(5) Spent period: The discharge of considerable quantity of
ripe ova during the spawning season was associated with
a decrease of ripe ova number. At the end of spawning
period, the spent stage was characterized by the presence
of both empty follicles and the new generation of small
oocytes (Fig. 10b).Serum steroid hormone in female D. dentex in relation to
maturation stages
Serum testosterone and estradiol profiles are found to be
related with the maturity stages during the annual reproduc-
tive cycle of female D. dentex. In immature female, minimum
values of testosterone (0.54 ppm± 0.36) and estradiol
(0.24 ppm± 0.02) were detected. Whereas both testosterone
and estradiol increase with maturation progress concomitant
with the dramatic increase in both oocyte diameter and GSI,
Figure 8 (a) Yolk deposition period at primary yolk stage showing; yolk granules (Y), (V) zona radiate (ZR), follicular epithelium (FE),
nucleus (N) (H&E)  250, (b) secondary yolk stage oocyte showing, decrease in diameter of nucleus (N) (H&E)  400 and (c)
magnification of the wall of the oocyte showing, zona radiata (ZR), follicular epithelium (FE) vacuoles (V) and yolk granules (Y)
(H&E)  400.
Figure 9 (a) Photo-electron-micrograph of (CS) in wall of secondary yolk stage showing theca layer (th.L), basement membrane (Bm),
follicular epithelial layer (FEL) with granulosa cell (G), Zona radiata externa (ZRE) and interna (ZRI) and cortical alveoli (CA)  10,000
and (b) ripening period showing migration of the nucleus (N), zona radiata (ZR), follicular epithelium (FE) vacuoles (V) and yolk granules
(Y) (H&E)  400.
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recorded during ripening and running period as indicated in
Table 3. Thereafter, a dramatic decrease was recorded, and a
baseline of both T (0.58 ± 0.06 pm) and E2 (0.37
± 0.042 ppm) were detected during the spent period.
Total lipid and fatty acids content of liver, muscles and ovary of
D. dentex in relation to maturity stages
The total lipid content in the ovary, liver and muscles of D.
dentex fluctuated with respect to stages of maturity to reach
a maximum value in the maturing ovary (30
± 3.52 mg/100 g), while the minimum value was noticed inmuscles of nearly ripe fish (1 ± 0.11 mg/100 g) as shown in
Table 4.
The maximum content of saturated fatty acid was detected
in immature ovary and muscles of ripe female with a highly
significant correlation at p< 0.001.
The main polyunsaturated fatty acids n-3 (PUFA) for
ovary, liver and muscles were detected in the ovary of ripe, liver
of nearly ripe and muscles of immature female, whereas n-6
(PUFA) was detected in ovary of ripe, liver of maturing and
muscles of immature female, with significant differences in rela-
tion to maturation stages at (p< 0.001) as shown in Tables 5
(A–C). The main polyunsaturated fatty acids n-3 (PUFA) for
ovary, liver and muscles of D. dentex were docosahexaenoic
Figure 10 (a) Photomicrograph of (CS) in late spawning period showing, (a) empty follicle (b) atretic oocytes (c) different stages of
cytoplasmic growth (H&E)  100 and (b) spent ovary showing, the thick wall of the ovary (arrows) (H&E)  400.
Table 3 Seasonal changes (mean ± SEM) in serum testosterone and estradiol levels in female Dentex dentex in relation to maturity
stages throughout the period from November 2012 to October 2013. Values within a row with different superscript letters were
significantly different at (p 6 0.001).
Stages of maturation Testosterone (T (ppm) ± SEM) Estradiol (E (ppm) ± SEM)
Immature 0.54 ± 0.036a 0.24 ± 0.02a
Maturing 2.38 ± 0.31b 4.73 ± 0.52b
Nearly-ripe 3.34 ± 0.365c 14.59 ± 1.61c
Ripe and running 3.84 ± 0.41c 16.5 ± 1.72c
Spent 0.58 ± 0.06a 0.37 ± 0.042a
Table 4 Average total lipid content (mg/100 g) ± SD in ovary, liver and muscles of Dentex dentex throughout the period from
November 2012 to October 2013. Values within a row with different superscript letters were significantly different at (p 6 0.05).
Tissue Total lipid content (mg/100 g) ± SD female
Immaturation Maturing Nearly-ripe Ripe and running
Ovary 7.5 ± 0.67a 30.0 ± 3.52b 5.0 ± 0.61a 15.0 ± 0.18c
Liver 1.1 ± 0.14a 3.0 ± 0.25b 2.0 ± 0.18ab 3.0 ± 0.11b
Muscles 2.4 ± 0.23a 3.0 ± 0.31a 1.0 ± 0.11b 4.0 ± 0.2c
156 R.F. Ismail et al.(DHA, 22:6 n-3) and eicosapentaenoic (EPA, 20:5 n-3) acids,
whereas n-6 (PUFA) were linoleic (18:2 n-6) and arachidonic
(20:4 n-6).
Discussion and conclusion
The present study is focusing on the reproductive biology
parameters, histological and fine structure investigations of
ovaries maturation with respect to steroid hormones, total
lipid and fatty acid profile. The current results on female D.
dentex were discussed to clarify some features related to its
reproduction. The general pattern of gonadal developmental
stages of D. dentex conforms to that of most other teleost
(Zaki et al., 1995; Assem et al., 2008; Al-Absawey, 2010;Abou Shabana et al., 2012) with slight modification as follows:
immature, maturing, nearly ripe, ripening- spawning and
spent.
Monthly analysis of the distribution of maturity stages
revealed that D. dentex has a spawning period that extended
from late April to June. In the present study, monthly analysis
of various maturity stages detected the minimum size attained
by the ripe fish, in which all females with total length over
35 cm are mature. Sexually mature female D. dentex were
detected at the minimum total length of 20 cm. The present
results are in agreement with those on D. dentex in Crete
and Greece, in which 21 cm was the minimum length for sexual
mature female D. dentex (Loir et al., 2001). Comparing to
other marine fish species, all female M. merluccius with body
Table 5 Average total fatty acids content (mg/100 g)±SD in (A)ovary, (B) liver and (C) muscles of Dentex dentex throughout the
period from November 2012 to October 2013. Values within a row with different superscript letters were significantly different.
Stages of maturity p
Fatty Acid I immature II maturing III nearly ripe IV ripe and running
Saturated fatty acid Mean S.D. Mean S.D. Mean S.D. Mean S.D.
A – ovary
SFA 62.2a 7.40 44.4b 4.83 42.8b 4.12 31c 2.95 0.001*
UFA 37.8a 4.50 44.6ab 4.80 57.2b 6.57 69c 6.33 0.0001*
MUFA 25.9 2.54 18.1 1.97 20.4 2.06 18 2.14 >0.05
PUFA 11.9a 1.14 37.5b 3.99 36.8b 3.54 51c 5.60 0.001*
PUFAs-x3 3.3b 0.34 17.5b 1.97 19b 1.98 30.8c 3.14 0.001*
PUFAs-x6 7.9a 0.80 19.2b 2.31 11.2a 1.26 20.2b 2.08 0.0032*
B – liver
SFA 43.5 4.10 43.3 5.41 51.3 4.93 42.6 4.30 0.001*
UFA 56.5 6.89 56.7 6.37 48.7 4.73 57.4 5.47 0.001*
MUFA 13.4 1.40 16.2 1.78 8.3 0.90 13.5 1.52 0.001*
PUFA 43.1 4.74 40.5 3.68 40.4 4.87 43.9 5.49 0.001*
PUFAs-x3 26.4 3.22 20.3 2.51 28.4 3.05 31.9 3.94 0.001*
PUFAs-x6 16.7 1.82 19.5 2.19 4.3 0.51 12 1.25 0.001*
C – muscles
SFA 48.5a 5.91 62.4b 7.09 73b 7.30 69.4b 7.54
UFA 51.5a 5.99 37.6b 4.70 27b 2.45 30.6b 3.29
MUFA 13.1a 1.20 21.4b 2.61 22.3b 2.75 21.4b 2.16
PUFA 38.4a 4.27 16.2b 1.91 4.7c 0.53 9.2d 0.92
PUFAs-x3 21.3a 2.34 2.3b 0.29 0 0.00 0 0.00
PUFAs-x6 17a 1.70 13.7a 1.69 4.7b 0.47 9.2b 0.88
* Indicates significant.
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length at first sexual maturity of female A. regius collected
from the wild catches of the south eastern Mediterranean
Sea was 47 cm (Abou Shabana et al., 2012). For any studied
fish species, detection of spawning season can be expected by
the establishment of its gonadosomatic index and the histolog-
ical examination of the gonads (Assem, 2000, 2003; Assem
et al., 2008; Al-Absawey, 2010; Abou Shabana et al., 2012).
In the present study GSI peak value was reported in May
and June, and then the GSI decreased gradually from July
until August. Results of D. dentex ova diameter analysis are
in agreement of those for Oblada melanura (Zaki et al., 1995)
and M. merluccius (Al-Absawey, 2010) in which nine groups
of ova were recognized, the analysis of ova diameter of
M. merluccius showed that there are eight ova groups in each
ripe and spawning ovary (Al-Absawey, 2010). Present result
suggests that D. dentex is multiple spawner, with an extended
spawning season, the presence of two or more ova sizes in the
ovary shortly before the spawning indicates the extended
spawning season with fractional spawning characteristics
(Zaki et al., 1995; Al-Absawey, 2010).
InD. dentex, fecundity shows a wide range for a given length
but in general, the absolute fecundity has a linear relationship
with both gutted Weight and length groups. D. dentex ovaries
varied in the number of ova for the same length group, this
may be related to environmental factors as found in Atlantic
cod, Gadus morhua (wroblewski et al., 1999).The produced
egg number is typical for the same species but also depends
on some other factors: age, size of fish, broodstock genetic
origin, environmental factors, husbandry conditions and
nutritional situation (Tyler and Sumpter, 1996).In D. dentex, the relation between absolute fecundity and
total length was highly expressive, whereas the relation
between absolute fecundity and gutted weight was weak. This
is in agreement with the results of O. melanura (Zaki et al.,
1995), Trachinatus ovatus (Allam, 1996), C. crysos (Assem,
2000), M. merluccius (Al-Absawey, 2010; Murua et al.,
2004), and for Serranus atricauda (Garcia-Diaz et al., 2006).
The present results showed that, the relative fecundity has a
range from 510 to 1256 eggs per g gutted weight and from
22,595 to 21,993 egg per 1 cm. The annual relative fecundities
calculated from the collected eggs of D. dentex were 600.000–
700.000 eggs per kg body weight under intensive culture condi-
tions (Loir et al., 2001). While in P. erythrinus, the recorded
relative fecundities were from 902.5 to 1519.7 eggs per 1 cm
total length, and varied from 177.2 to 291.17 eggs for each
1 g (Assem, 2003). The calculated relative fecundity for M.
merluccius varied from 742 to 1699 eggs per 1 cm and from
92 to 148 eggs for each 1 g (Al-Absawey, 2010).
The annual gonadal cycle in D. dentex was divided into five
periods as described by the ovarian histological studies. These
are as follows: 1 – immaturation, 2 – maturation, 3 – vac-
uolization, 4 – ripening and spawning and 5 – spent period.
In the present study, the general pattern of histological devel-
opment of D. dentex ovaries conforms to that of most teleosts
as indicated by several authors (Assem, 2003; Assem et al.,
2008; Al-Absawey, 2010 and Abou Shabana et al., 2012) with
slight modification. From the present observations, the immat-
uration period of D. dentex was marked by small spherical cells
with large central nuclei (pre-synaptic oocyte), similarly to this
period, pre-maturation period which was reported in A. regius
(Abou Shabana et al., 2012). The pre-synaptic oocyte appeared
158 R.F. Ismail et al.in the electron micrograph provided with Golgi apparatus,
mitochondria and irregular vacuoles. These observations are
in agreement with Gaber (2000) who indicated that the chro-
matin material was clearly shown in the nucleus of two oocyte
stages (chromatin nucleolus and perinucleolus stage).
The features of the maturation period of D. dentex were the
appearance of isolated follicular epithelial cells around the
oocyte and the yolk nuclei formation. First yolk nucleus
appears as small spherical corpuscle in the cytoplasm, then
migrates toward the animal pool and finally disappears. The
role of follicular epithelial cells is documented for the synthesis
of sex steroids (Herrera et al., 1988). The appearance of follic-
ular epithelial cells of D. dentex oocyte, coincides with sex ster-
oid increase.
The vacuolization period in D.dentex was characterized by
the appearance of marginal vacuoles and the oocyte wall still
showing the zona radiate covered with outer follicular epithe-
lial layer. The ultra-structure study of the vacuolized and ripe
oocyte wall shows the presence of five different layers; in which
the outermost layer is the theca layer, the second layer is the
follicular epithelial layer, and then the third and the fourth lay-
ers are zona radiata externa and zona radiata interna respec-
tively, and the innermost fifth layer is the cortical alveoli.
The vacuolization stage was characterized by cortical alveoli
formation as for M. cephalus (Assem et al., 2008) and for D.
dentex (Loir et al., 2001). This is in agreement with the results
obtained for the M. merluccius (Al-Absawey, 2010).
From present findings for D. dentex, the yolk granules
spread centripetally in the oocyte cytoplasm, the same picture
has been described by different authors for some other species
such as P. erythrinus (Assem, 2003), M. merluccius (Al-
Absawey, 2010) and A. regius (Abou Shabana et al., 2012).
The examination of D. dentex ovaries throughout the annual
reproductive cycle indicates that the presence of oocytes at dif-
ferent developmental stages suggesting that D. dentex belongs
to long and fractional spawning season fish category. Therefor;
the fish may spawn more than one time along the spawning per-
iod. Similarly in agreement with the present results, ovaries of
cultured D. dentex during the vitellogenesis and pre-spawning/
spawning stages contained small, vitellogenic and pre-
vitellogenic oocytes with different diameters (Loir et al., 2001).
Fluctuations in serum steroid hormones (Estradiol and
testosterone) with maturity stages were detected during the
annual reproductive cycle of female D. dentex. Baseline of
testosterone and estradiol levels was found during the post-
spawning and spent, throughout the period from July to Febru-
ary. Similar results were found in femaleD. dentex reared under
intensive culture conditions, in which serum testosterone and
estradiol baseline values were less than 0.11 ng/ml and negligi-
ble vitellogenin concentrations during post- spawning and pre-
gametogenesis period (Loir et al., 2001).
In the present study, gradually increase in serum estradiol
and testosterone with maturity stage progress to reach peak
during nearly ripe and ripe-spawning period. Thus, maximum
values of estradiol and testosterone were detected during vitel-
logenesis and spawning periods concomitant with the GSI and
oocyte diameter peaks. These findings are like the pattern
described by several authors, e.g. Kadmon et al., 1985 for
Sparus aurata; Prat et al., 1990 for Dicentrarachus labrax;
Carragher and Pankhurst, 1993 for Pagrus auratus; Pavlidis
et al., 2000 for D. dentex and Abou Shabana et al., 2012 for
A. regius. They support the believed hypothesis for the roleof estradiol in staring and sustaining vitellogenesis. Further-
more, the high serum estradiol levels during spawning time
can be explained by the production of the remaining groups
of vitellogenic follicles, as a feature of multiple spawner.
In female D. dentex, higher GSI at maturing, pres-pawning
and ripe-running was accompanied by highest lipid content of
the ovary, which can be explained by the transfer of energy
resources to the oocytes during maturation. Similar results
were found in other studied species for example; sea bass
(Cerda et al., 1995), striped bass (Lund et al., 2000), Mummi-
chog (Jensen and Taylor, 2002), trout (Wallaert and Babin,
1994) as well common dentex (Chatzifotis et al., 2004).
During ovarian maturation progress both liver and muscle
act as energy resources, but this role looks to be insignificant in
D. dentex; liver and muscle lipids did not reduce with matura-
tion progress as a sign that liver energy resources were well-
maintained.
Muscles lipid profile can be also affected by environmental
controllers like temperature and food availability (Chatzifotis
et al., 2004). The variations in growth rates and feed consump-
tion round the year had an influence on both content of lipid
and fatty acid ingestion (Pavlidis et al., 2000 and Assem,
2004), affecting mainly the muscles, then the liver for both
D. dentex and Lithognathus momyorus, respectively.
The significant role of liver as lipid storage organ varies
among species. In red drum (Craig et al., 2000); sand smelt
(Tomasini and Laugier, 2002) and burbot (Mustonen et al.,
2002), liver has a crucial role as a lipid depot during matura-
tion, whereas for blue fin tuna, liver has a minor role as a lipid
storage organ (Mourente et al., 2002).
In D. dentex the polyunsaturated fatty acids are crucial for
the tissue synthesis (e.g. DHA), therefore DHA steady increase
was detected in muscle, liver and ovary in the period of acceler-
ated growth. This comes in agreement with the conclusion of
Chatzifotis et al., 2004. Polyunsaturated fatty acids were
thought to be vital for gonadal development and quality of pro-
duced eggs (Izquierdo et al., 2001). As forD. dentex; polyunsat-
urated fatty acids are suggested to be essential fatty acids
during larval growth (Tulli and Tibaldi, 1997). The marine fish
does not have the ability to create PUFA during spawning and
keep it in the tissues, since there is a tendency for saturated and
mono-unsaturated fatty acid mobilization into ovaries more
than PUFA during maturation (Zohar et al., 1995). In conclu-
sion, the present observations give insights on the reproductive
status and requirements during complete annual cycle of female
D. dentex as a promising species for aquaculture.
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